INTRODUCTION

29
Anterior cruciate ligament (ACL) injury leads to knee instability, mainly in 30 anterior-posterior (AP) translation and axial internal-external rotation. It has been well 31 documented that excessive tibial rotation would follow an ACL excision in cadaveric 32 model 1, 8, 20 . Clinically, knee instability before and after ACL reconstruction is often 33 examined subjectively by pivot shift test, in which passive valgus and internal rotation 34 stresses are applied to the knee 18, 22 . Recently, mechanical devices were developed 35 for objective and biomechanical assessment of knee rotational laxity 21, 26 . They 36 provided an easy and non-invasive way by applying a controlled torque to the knee 37 joint, and documenting the knee rotational abnormality. However, these clinical and 38 biomechanical tests were measuring the passive knee joint laxity with relaxed 39 muscles. When a patient performs a dynamic functional movement after returning to 40 sport, it is not only the ligaments but also the muscle contractions that provide the joint 41 stability. There is a need to conduct functional performance test to evaluate the 42 dynamic joint stability during high demanding tasks.
44
The movement of functional test should be specific to the purpose of study. Several 45 kinematics studies, which employed different dynamic movements, investigated 46 patients with unilateral ACL injury. Andriacchi and Dyrby 3 reported that the external 47 rotation and anterior translation were different between ACL deficient and intact knees 48 in swing phase during walking. On treadmill running, tibial rotation increased with 49 speed in both injured and normal knees 5 . The differences between the knees, 50 however, were not significant. Waite and coworkers 33 suggested that low demand 51 activity such as walking and running did not produce sufficient stress to initiate knee 52 instability in ACL deficient knee. In a study of assessing functional stability with a high 53 demanding movement, tibial rotation was found not to be restored after single bundle ACL reconstruction with hamstring or patellar tendon autograft 12 . In the current study, 55 a pivoting task was used to evaluate the effect of anatomical double bundle ACL 56 reconstruction.
58
In-vitro studies showed that anatomical double bundle ACL reconstruction using 59 hamstring graft restored both AP translation and axial rotation stability 23, 37 . With this 60 current technique, clinical studies reported good restoration of joint stability and 61 patient-reported outcomes after a short-term follow-up 10,32 . Moreover, a few 62 studies 2,13,16,36 , which used subjective clinical tests and questionnaires for evaluation, 63 compared between double bundle and single bundle ACL reconstruction. However, 64 among these studies, there is limited knowledge of rotational stability as investigated 65 by objective assessment after anatomical double bundle ACL reconstruction. On the 66 other hand, there were studies 29,31 , using dynamic functional activity, reported that 67 single bundle ACL reconstruction could not restore rotational stability. Therefore, the 68 purpose of the current study was to prospectively investigate the range of tibial 69 rotation of ACL deficient and reconstructed knees during a high demanding task. The 70 contralateral intact knee was used as a control. It was hypothesized that there would 71 be a significant increased tibial rotation in ACL deficient knee and it would be returned Table   86 1. The university ethics committee approved the study. Informed consents were 87 obtained from each subject before the study. 
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During the pivoting phase, the tibia internally rotated to a maximum degree (Figure 3 ). deficient knee (12.6 ± 4.5 degrees) when compared to the intact knee (7.9 ± 3.1 184 degrees) pre-operatively. This increased tibial rotation significantly (p=0.035) 185 decreased to 8.9 ± 3.0 degrees in the reconstructed knee and did not differ to that of 186 intact knee (8.2 ± 2.6 degrees) after ACL reconstruction (Figure 4 ). Since there was 187 no significant difference between the reconstructed knee and the intact knee after 188 reconstruction, power analysis was conducted (true difference: 2 degrees; correlation: 189 0.27) and the statistical power was reported to be 0.81 between the two groups. 
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Our findings supported previous studies 7,12,29,31 that showed knee rotational instability 199 of ACL deficient knee and reconstructed knee with single bundle technique. In two 200 studies 12,29 with similar protocol to the present study, the tibial rotation of deficient 201 knee was significantly higher than that of intact knee. While those subjects were 202 instructed to walk followed by the pivoting movement, our subjects were instructed to 203 run instead. We believed that the task in our study provided a higher rotational stress 204 to the knee. However, the increased tibial rotation found in the current study was not 205 as high as that in these two previous studies. It might be due to the difference in the 206 time from injury to assessment. The subjects recruited in this study were acute injury 207 cases and those in the two studies were chronic injury cases. The subjects in this 208 study might perform cautiously in the preoperative assessment. Another studies employing different functional activities such as downhill running 31 and single leg 210 hopping 7 also showed abnormal rotational motion after ACL reconstruction. When 211 comparing the study design, all the subjects in our study were assessed prospectively 212 before and after ACL reconstruction. The variations between study group and control 213 group were minimized to affect the result as contralateral intact knee was used as a 
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Functional test should be the ultimate step for evaluating ACL reconstruction since it 234 involves real-life loading that human joints are exposed to in daily activity or even sport motion. Although dynamic functional test was commonly employed 9 , previous 
247
Functional test with motion analysis would be a good tool to evaluate patients with 248 knee instability, such as after knee ligamentous injury.
250
The limitation in the present study involved known drawbacks of motion analysis,
251
including the movement of skin markers 27 . During the procedure, the inter-tester error 252 was minimized by having the same technician placing the skin markers and 253 measuring all anthropometric data. A standing offset trial to define zero degree for all 254 segmental movements was collected to avoid subtle misalignment of the knee joint.
255
Moreover, it was reported that tibial rotation was reliably measured in a similar 256 previous study 34 . Typical error values (<2.9°) were less than the usual group 
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